Background: For ophthalmic surgery anesthesia, it is vital that intraocular pressure (IOP) is controlled. Most anesthetic drugs affect IOP dose-dependently, and inhalational anesthetics dose-dependently decrease IOP. In this study, we compared the effects of desflurane and sevoflurane on IOP and hemodynamics in pediatric ophthalmic surgery.
Introduction
Normal intraocular pressure (IOP) is 10-22 mmHg (mean 15 mmHg). There can be a 1-2 mmHg change during ventricular contraction, and also a 1-6 mmHg change depending on the body positioning of the patient. IOP is also affected by blood pressure, respiration, coughing, the Valsalva maneuver, blinking, pressure from masks, and endotracheal intubation. For the anesthetic induction of ophthalmic surgery, it is vital that IOP is controlled, because the elevation of IOP can cause the transient loss of vision or acute glaucoma. Most anesthetic drugs affect IOP dose-dependently. Barbiturates, muscle relaxants, opioids, sedatives, etomidate, and propofol can lower the normal IOP and glaucomatic IOP [1] .
Park et al. [2] compared the effects of vecuronium and rocuro nium on IOP in patients who were intubated. They reported that there was no significant difference between the two groups. The use of desflurane and sevoflurane has been increasing recently. There are some studies comparing the effects of combined sevoflurane and intravenous anesthetics on IOP associated with endotracheal intubation [3, 4] . There are rare studies comparing the effect of sevoflurane and desflurane, according to the change in cardiovascular parameters. We hoped that the effect of sevoflurane on IOP would be less than that of desflurane, because it has been reported to have a greater modest effect on cardiovascular parameters. Thus, we compared the effects of desflurane and sevoflurane on IOP and changes of cardiovascular parameters associated with endotracheal intubation in pediatric ophthalmic surgery.
Materials and Methods
We first obtained an approval from the ethics committee of the hospital and a written informed consent from the guardians of the patients. We enrolled 38, American Society of Anesthesiologist physical status classification I and II, pediatric patients of ages between 6 to 15 years who were scheduled for muscle correction of intermittent and right exotropia (strabismus surgery), or the Hotz or sling procedure for entropion (entropion surgery). We placed 19 patients in each group; group D and group S, in which desflurane and sevoflurane was administered, respectively. The patients were randomly assigned to group D or group S, using a random number table. We excluded patients from the study if endotracheal intubation had to be attempted two or more times, or if their IOP could not be taken because they were not cooperative before anesthesia induction.
For premedication, we gave all the patients glycopyrrolate 4 μg/kg and midazolam 0.06 mg/kg, via intramuscular injection 30 min prior to surgery. On arrival, we placed patients in the supine position and allowed them to rest for 5 min. By monitoring the non-invasive blood pressure (NIBP), electrocardiography (ECG) and pulse oximetry, we obtained the mean arterial pressure (MAP), heart rate (HR), and oxygen saturation. Before surgery, we adjusted the fluid deficit in advance in order to prevent induced hypotension by anesthetics. For preoperative fluid replacement, we considered the weight of the patients and their fasting time. For anesthesia induction, we intravenously administered thiopental sodium 5 mg/kg after 5 min of preoxygenation with 100% oxygen. After the loss of verbal response and eyelash reflex, we administered inhalational anesthetics, desflurane (group D) or sevoflurane (group S), via face mask by manual ventilation. Then, we intravenously administered rocuronium bromide 0.8 mg/kg. For adequate muscle relaxation, we manually ventilated the patients for more than 3 min. During this manual ventilation, end-tidal carbon dioxide partial pressure (ETCO 2 ) was maintained at 30-35 mmHg. After the expired concentration of inhalational agent reached 1 MAC, we performed endotracheal intubation. During the study, the expired concentration of inhalational agent was kept at 1 MAC.
We recorded and compared the values for IOP, HR, MAP, CI, and SI before induction of anesthesia (B), after induction but immediately before intubation (AI), 1 min after intubation (T1), 3 min after intubation (T3), and 5 min after intubation (T5). All measurements of IOP were performed by one ophthalmologist and all endotracheal intubation was performed by a single anesthesiologist.
Hypotension, defined as a SBP (systolic blood pressure) ≤ 80% of the baseline SBP, was going to be treated with an intravenous bolus of phenylephrine 1 μg/kg if HR > 60 bpm or ephedrine 0.1 mg/kg if HR < 60 bpm. Bradycardia, defined as HR < 50 bpm, was to be treated with an intravenous bolus of atropine 0.01 mg/kg. Pungency and airway irritation during desflurane induction can be manifested by breath-holding,
coughing and laryngospasm [5, 6] . Laryngospasm is a forceful, involuntary spasm of the laryngeal musculature, which caused stimu lation of the superior laryngeal nerve, and it was going to be treated with gentle positive-pressure ventilation, an intravenous bolus of lidocaine 1-1.5 mg/kg, or paralysis using intra venous bolus of succinylcholine 0.5-1 mg/kg [7] . We were going to exclude these cases, which affect the results of this study.
A sample size of nineteen in each group was determined to be appropriate for identifying a 20% difference with a power of 0.8, an α value of 0.05 and drop rate of 0.1 for the mean IOP 15.9 ± 3.18 mmHg, which was determined in ten volunteer patients in a pilot study.
Statistical analyses were performed with PASW Statistics 18 (IBM Corporation, Armonk, New York, USA). All values were shown as the mean ± SD. We used X 2 test to make a sex comparison among the two groups and performed student t-tests for age, weight, height, IOP, MAP, HR, CI, and SI. Repeated Measure Oneway ANOVA was used to compare IOP, MAP, HR, CI, and SI according to each time period by group. P < 0.05 was considered statistically significant.
Results
We excluded six patients (three patients in group D and three patients in group S) because they were not cooperative before anesthesia induction, and their IOPs were not able to be measured. Therefore, we compared and analyzed the dates of thirty two patients (sixteen patients in group D and sixteen patients in group S).
There were no significant differences in patient characteristics between the two groups ( Table 1) . IOPs at AI, T1, T3, and T5 significantly decreased, compared to IOP at B (P < 0.05), but there was no statistical difference between the groups (Table  2 ). There was no significant difference within the group and between the groups in CI (Table 2) . SIs at AI, T1, T3, and T5 significantly decreased, compared to SI at B (P < 0.05), but there was no significant difference between the groups in SI (Table  2 ). MAP at T1 significantly increased, compared to MAP at B (P < 0.05), and it was significantly higher in group D than in group S (P < 0.05). There was no significant difference between the groups at AI, T3, and T5 in MAP (Table 2) . HRs at AI, T1, T3, and T5 significantly increased compared to HR at B (P < 0.05). HRs at T1 and T3 were significantly higher in group D than group S, but there was no significant difference between the groups at AI and T5 (Table 2) .
In our study, breath-holding, coughing or laryngospasm were not observed during the induction with desflurane. Neither hypotension nor bradycardia was observed during the induction of anesthesia.
Discussion
Factors affecting IOP are the production rate of aqueous humor, vitreous volume, sclera rigidity, choroidal blood volume, and orbicularis oculi muscle tension [8] . Among these, the Values are mean ± SD or number of patients. n: number of patients. Group D: patients with desflurane, Group S: patients with sevoflurane. P < 0.05 was considered statistically significant. There were no significant differences between the two groups. Values are mean ± SD. Group D: patients with desflurane, Group S: patients with sevoflurane. IOP: intraocular pressure, CI: cardiac index, SI: stroke index, MAP: mean arterial pressure, HR: heart rate, B: before induction of anesthesia, AI: after induction but immediately before intubation, T1: 1 min after intubation, T3: 3 min after intubation, T5: 5 min after intubation. *P < 0.05 vs. baseline values (B) within the group. † P < 0.05 between the two groups. P < 0.05 was considered statistically significant.
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Effects of inhalation agents on the IOP production rate and elimination rate of aqueous humor play the biggest role. In human, the normal range for IOP is 10-22 mmHg, and values greater than 24 mmHg are considered pathologic [9] . The baseline IOP values in this study were within this normal range, and none of the patients experienced IOP values of greater than 24 mmHg, at any of the five times of measurement. High IOP impairs blood supply to the retina and optic nerve, which lead to a loss of optic nerve function [1] . A patient with a normal IOP can have permanent loss of vision if IOP rises during anesthesia. The acute increase in IOP may be dangerous for patients with impending perforation of the eye, perforating eye injuries, or glaucoma [10] . In addition, the human eye does not appear to have a pressure-sensitive feedback mechanism. Vomiting, coughing, handling of laryngoscope, and tracheal intubation can increase IOP to 30 to 40 mmHg [11] . Therefore, it is important to prevent a significant and sudden increase in IOP, especially, during laryngoscopy and tracheal intubation. Increase in the heart rate and blood pressure are due to reflex sympatho-adrenal discharge provoked by epilaryngeal and laryngotracheal stimulation subsequent to laryngoscopy and tracheal intubation. The IOP rise is secondary to increased sympathetic activity. Adrenergic stimulation can produce an acute increase in IOP, by increasing the resistance to the outflow of aqueous humor in trabecular meshwork between anterior chamber and Schlemn's canal. Some pre-treatments (lignocaine pre-treatment either intravenous or nebulised, or intranasal nitroglycerine) have been used to attenuate ocular and systemic responses to prevent increase in IOP associated with tracheal intubation. Laryngeal mask airway has been proposed as an alternative to endotracheal tube [10, 12, 13] .
Desflurane and sevoflurane have low blood-gas partition coefficients (0.42 and 0.65 respectively); as volatile anesthetic agents, they are halogenated that allows for fast anesthesia induction and recovery [5, 14] . Desflurane causes sympathetic stimulation, and this can lead to transient hypertension and tachycardia [15] . Inhalational anesthetics dose-dependently decrease IOP by suppressing the diencephalon, reducing the production of aqueous humor, raising the outflow of aqueous humor, or relaxing the extraocular muscles. Sevoflurane has several advantages compared with other inhalational anesthetic agents: its low blood and tissue solubility, non-pungency, non-inflammability and limited cardio-respiratory side effects make it the choice for children undergoing general anesthetics [16, 17] . Cardiovascular parameters during induction of anesthetics with sevoflurane were, on average, quite stable. The most notable difference between the groups is that desflurane group developed a marked increased tachycardia and increase in systolic blood pressure [18] . Cardiovascular stability was achieved with both desflurane and sevoflurane, with MAP and HR maintained within ± 20% of the baseline values during the course of the study. HR and MAP at T1 in this study were significantly higher in group D than in group S. HR at T3 was also significantly higher in group D than in group S. This difference may have been a result of the sympathetic stimulation, associated with the introduction of desflurane after induction of anesthesia with an IV drug [19] .
Almeida et al. [20] anesthetized dogs with the two inhalational anesthetics to study the effects on IOP and cardiovascular parameters. They reported that there was no significant difference between the two groups in IOP, HR, MAP, and CVP, but CI was higher in the desflurane group (P < 0.05). In this study, there was also no significant difference in CI between the two groups.
Nathanson et al. [19] compared the two inhalational anesthetics (desflurane and sevoflurane) in outpatients. They reported that the group induced with desflurane had significantly higher HR compared to the group induced with sevoflurane, which was what the results of the present study also showed.
Jindal et al. [21] compared the two inhalational anesthetics on outpatients and reported that there was no significant difference between the two groups in HR, which differed from the findings of the present study.
Hypercapnia can cause choroidal congestion. Changes in choroidal blood volume can increase IOP rapidly. Decrease in partial pressure of carbon dioxide (pCO 2 ) has been associated with both a decrease in choroidal volume and a lower IOP [22] . Hypothermia can decrease IOP [11] . To remove these effects in the present study, ETCO 2 was maintained at 30-35 mmHg and normal body temperature was maintained.
The limitations of the present study are as follows: first, during anesthesia induction, the anesthesiologist had to choose one of the two inhalational anesthetics. As such, the two volatile inhalational anesthetics could not be compared using the double-blind method. Second, depth of anesthesia, which also affects IOP, was maintained by adjusting the concentration of the expiratory volatile anesthetic agent with a monitor. Maintaining a stable depth of anesthesia by monitoring BIS (bispectral index system) could have more greatly decreased the effects of depth of anesthesia on IOP. However, BIS monitoring requires sensors to be attached to the forehead, and surgical manipulation can affect the BIS sensor. Therefore, we did not include BIS monitoring in the present study. Third, for anesthesia induction, we intravenously administered thiopental sodium, which could affect IOP and hemodynamic parameters. A gaseous induction of anesthesia can eliminate the effect of thiopental sodium. However, we could not apply inhalational induction, because desflurane is more pungent and is associated with more coughing, breathing-holding, and laryngospasm during an inhalation induction [7] .
HR at T1 and T3, and MAP at T1 were significantly higher in group D than in group S. For this reason, we hoped that the effect of desflurane on IOP would be more than that of sevoflurane, but there was no statistical difference between the groups. Desflurane and sevoflurane maintained IOP within the normal range during anesthesia induction for pediatric ophthalmic surgery. The cardiovascular parameters were also stable throughout anesthesia induction for both groups. The both anesthetic agents can be used safely in anesthesia induction for pediatric ophthalmic surgery.
